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ABSTRACT
Fostering co-modality and consequently reducing carbon emissions is a leading objective of the
Scottish and UK governments and the wider EU and worldwide community. The achievement of
such goals can be facilitated by the adoption of ICT measures within the transport systems. Over
recent years, many online and mobile applications have emerged which improve the usability
and attractiveness of more sustainable transport modes (such as public transport, taxis, and
cycling) and can help to utilise private cars more effectively by promoting and enabling car-
sharing and car-pooling.  The recently completed FP7 funded EU project COMPASS has
investigated the impact of a range of Information and Communication Technology (ICT) tools
which have the potential to improve co-modality. This paper discusses the results of Scotland
specific modelling which demonstrates and quantifies the relative carbon/congestion reductions
feasible from ICT measures to improve bus journey times and ICT measures to improve car-
sharing. It may be seen that measures which act to decrease overall car usage have more impact
on reduction of carbon emissions than measures to improve public transport travel-times. 
Keywords: Environment, carbon reduction, car-sharing, ICT
1. INTRODUCTION
1.1 Context and Motivation
The motivation and the general objectives of this project are deeply rooted in the
European Transport Policy (ETP) in the first decade of the 21st Century, with a look
towards the new challenges of the incoming second decade of the century. In particular,
three key topics should be stressed.
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1. Challenges from the key socio-economic trends. The Communication from the
Commission – A sustainable future for transport: Towards an integrated,
technology-led and user friendly system (COM/2009/0279) has described the
main socio-economic trends shaping the future of transport. Population ageing,
that will place more emphasis on the provision of transport services involving a
high level of perceived security and reliability, and which features appropriate
solutions for users with reduced mobility. Migration and internal mobility, with
migrants, generally young and mainly living in urban areas, which will entail
more movement of people and goods. Urbanisation trends, according to which the
proportion of European population residing in urban areas is projected to increase
from 72% in 2007 to 84% in 2050. This trend, in association with the related
growth of urban sprawl can be considered among the main challenges for urban
transport, as it brings about greater need for individual transport modes, thereby
affecting the environmental quality and generating large costs in terms of delays
and higher fuel consumption. 
2. Challenges from environmental concerns. There is growing concern that the
transport sector must tackle dramatic challenges in trying to mitigate its negative
impact on the environment. The EU has in fact recently adopted a Climate and
Energy package that sets a target of reducing GHG emissions in the EU by 20%
with respect to 1990 and transport is going to play a key role in achieving this goal
(COM (2011)112). But an inversion of some of the current trends will be
necessary. Transport itself will suffer from the effects of climate change and this
will necessitate adaptation measures.
3. Challenges from technological changes. The EC Directive on the framework for
the deployment of Intelligent Transport Systems (ITS) in the field of road
transport and for interfaces with other modes of transport (Directive 2010/40/EU)
has stressed the potential benefits arising from the application of information and
communication technologies to the road transport sector and its interfaces with
other modes of transport, in terms of significant contributions to improving
environmental performance, efficiency and safety. In particular, the potential for
ensuring higher levels of integration between road transport and other modes of
transport has been stressed. It is in fact widely acknowledged from EU research
projects (e.g. MIRACLES, 2006) the potential ICT development and ITS
applications in developing a new model of transport, which links and integrates
conventional and innovative transport systems, offering a public transport service
which better matches the needs and expectations in terms of reducing mode
changes, providing better accessibility, and improving journey times. ITS
applications bring significant improvements in transportation system
performance, but it requires the optimisation and operation of the network as a
single entity, whereas currently modal networks are largely separated and even
within modes there is a lack of integration between countries.
278 Assessing the Carbon Impact of ICT Measures: A Case Study Investigation Using Latis Model
To fulfil these objectives the COMPASS project built on a substantial body of
knowledge on co-modal and intermodal passenger transport already available from past
and current projects (di Stasio et al, 2012), in particular KITE, LINK,
INTERCONNECT, HERMES, CLOSER, ORIGAMI and USEmobility The main
contributions of COMPASS are an assessment of existing travel demand data sources,
an appraisal of the role of ICT in these data sources, development of business models
for the ICT solutions, development of a body of fact-sheets forming a comprehensive
database and finally an in-depth set of case studies concerned with assessing the carbon
impact of a selection of important ICT measures with a trans-EU modelling assessment
quantifying carbon reductions achievable from packages of ICT solutions. This paper
focuses on two particular modelling elements of the COMPASS case studies, namely
the Scotland-wide assessment regarding possible reductions to in-vehicle travel time for
public transport and increases in car-occupancy discussed in section 2 and the EU-wide
modelling assessment discussed in section 3. 
1.2 Background 
As illustrated in the EC commission directives in section 1.1, climate change and
carbon emissions continue to pose major challenges in the UK, the EU and worldwide
and the International panel on climate change (IPCC, 2007) has given strong warnings.
While transportation does not produce a majority of climate changing emissions,
estimates suggest that the sector accounts for around 25% of carbon dioxide emissions
in the UK (Hickman et al, 2010; Chapman, 2007) and that as a sector in is
underperforming in terms of emissions reductions. To contextualise a single trip
(648km) from Glasgow to London (in UK) contributes 58kg, 71kg, 120kg and 386kg
of carbon emissions by bus, rail car and air respectively (Hickman and Banister 2007).
Whilst the adverse effects of air travel in relation to land travel are noted, within land
travel it is clear that single occupancy car use should be targeted as this mode offers
considerable scope for carbon reductions to be made. Indeed a single car produces an
average of 1980kg of carbon emissions per annum (from average 11,000km per annum
travelled) (ibid). However, users are generally motivated to prefer private car use and
show resistance to attempts to encourage mode shift to more sustainable modes; even
when short trips are considered 89% of motorists surveyed agreed with the statement
‘‘I would find it very difficult to adjust my lifestyle to being without a car’’ (Ryley
2001). To stabilise emissions by 2050 it is conservatively estimated that the EU will
have to reduce emissions by over 50% (Tight, et al, 2005) and the transport sector will
need to contribute to this reduction. 
Given the serious contribution of single-occupancy private car use to climate
changing emissions it is reasonable to consider mechanisms that will encourage and
promote more sustainable travel; such policy mechanisms that also contribute the travel
demand management more generally also have significant potential synergy with those
designed to reduce congestion. Hence managing demand to reduce congestion and also
promoting policy which serves to combat climate change often results in overlapping
policy instruments being considered (such as congestion charging, HOT-lanes, parking
control etc.). However it has been suggested that some congestion reduction schemes
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may in fact adversely affect emissions due to complex interactions between reduced
congestion and further induced demand, and it is difficult to determine whether a
specific congestion reduction measure will or will not result in emissions reductions
(Bigazzi and Figliozzi, 2012), and in the monitoring of the London Congestion
Charging scheme, pollutant recording from a roadside monitor did not indicate any
reductions although there was some evidence in improvements in background levels of
various pollutants (Armstrong et al, 2009). 
The VIBAT (vibat.org), has considered a range of scenarios in the London context
examining packages of policy instruments and possible carbon reductions to be gained.
Results of this study presented in Hickman et al (2010), show some disappointing
results. Policy regimes including 12 different policy packages were considered
(including low emission vehicles; alternative fuels; pricing regimes; public transport;
walking and cycling; strategic and local urban planning; (ICT); smarter choices soft
measures; ecological driving and slower speeds; long distance travel substitution;
freight transport; international air travel), of 4 scenarios tested, only a “concerned
optimist” scenario where high uptake was achieved on a number of measures resulted
in significant carbon reductions. Even very significant Public Transport based packages
(free-rider) had only limited impact and a scenario based on continued car-
complacency, saw emissions increase. However, the results for impact of ICT measures,
which produced at least some impact, were modelled in aggregate, so individual ICT
effects could not be determined. 
Given the commission’s directive on capitalising on benefit which may be gained
from uptake in ICT measures, considered in a EU context part of the project aim in
COMPASS was to separate the benefits of some of these measures. Individual case
studies on a range of ICT solutions were examined and from these case studies
indicative ranges of values for possible take-up and user shifts were used to inform
emissions modelling exercises in regional and EU based contexts. 
1.3 Objectives of the COMPASS project
The general objectives of the COMPASS project were:
• To provide an overall picture of the future travellers needs in the light of the key
socio-economic trends;
• To analyse how ICT and ITS applications can meet the new demands, favouring
the integration of multimodal transport solutions;
• To assess how these solutions can contribute to the de-carbonisation of transport
activities.
In such a framework, the following collateral and important objectives were also
addressed:
• The potentials of the ICT and ITS applications to provide behavioural data and
information to improve travel surveys and fostering harmonisation;
• The validation of the ICT solutions with stakeholders rooted in the national
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contexts.
COMPASS compiled a comprehensive data-base of possible ICT measures (Table
1).  
11 case studies were developed; including Regional (Marche, Italy) and EU wide
travel planners, Bus Network ITS applications (Barcelona), Bike Sharing (Vienna), Car
Sharing (Karlsruhe and Austria), Intelligent motorway tolling (Sant Cugat),
accessibility apps for disabled travellers (UK) and mobile apps for taxi services
(global). They were selected to have geographical coverage at EU level (ensuring
metropolitan, city, and rural areas were all covered) and coverage across ICT
categories.
Table 1: COMPASS ICT categorisation
ICT category Technological solutions (applications)
Transportation Management Systems Urban Traffic Control (UTC);
European Railway Traffic Management System (ERTMS)
River Information Services (RIS)
Traffic Management Systems for Air Transport (SESAR)
Strategic Transport Management for Corridors and Networks
Public Transport Management
Demand Management Systems
Probe Vehicles or Devices
Traveller Information Systems Travel Planners
Real-time Co-Modal Traveller Information Services
Real-Time Travel Time and Vehicle Positioning Information
Services
Weather Information Services
Parking Management Systems (PGI)
Smart Ticketing and Tolling Electronic Toll Collection (ETC)
Access Management
Automated Fare Collection Systems (AFC) - Ticketing Systems
Vehicle-to-Infrastructure (V2I) Cooperative Urban Applications
Applications Cooperative Interurban Applications
Intelligent Speed Adaptation (ISA)
Yellow Signal Warning System (YSWS)
Probe Vehicles or Devices
Vehicle-to-Vehicle (V2V) Applications Advanced Driver Assistance Systems (ADAS)
Adaptive Cruise Control (ACC)
Incident Management and ITC Safety Services
Demand Responsive Transport Services Public Transport Services in Low Demand Areas
(DRTs) Car Sharing
Collective Taxi
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It was seen that the case-study solutions with highest scores for overall benefits also
appear as solutions with highest scores for either user or wider benefits (Biosca and
Ulied, 2013; Stewart et al, 2014). The case study applications mainly showed user
benefits for D2D-time, D2D-cost and comfort with little impact on safety or security.
All the case studies showed positive user benefits with personalisation of information
or payment having good impact. In the consideration of wider benefits, the results were
more varied, with the high weighting attached to CO2 highlighting the case studies
where this reduction was greatest. The applications with highest impact for CO2 are not
those with highest user benefit, so the overall weighting of these benefits is clearly of
importance to decision makers. For high CO2 impact, mode shift to sustainable modes,
including to eco-vehicles is necessary, small improvements in user experience, whilst
important to individuals are unlikely to provide desired CO2 reductions unless part of
a wider package of measures. 
Modelling at both the EU level and at Scotland level were then undertaken based on
results from the case studies and the impacts in terms of carbon emissions and
congestion reduction of a subset of ICT measures were evaluated. This paper presents
modelling of the Scotland Region to quantify carbon and congestion reductions based
on potential of ICT apps providing bus journey-time improvements and the COMPASS
case studies, summarises their carbon impacts and finally comments on the EU-wide
modelling assessment.
2. LATIS: ICT MODELLING IN SCOTLAND REGION 2007 TO 2027
2.1 Introduction
This modelling exercise formed the final case study within COMPASS and used the
existing Transport Model for Scotland which is owned by Transport Scotland (The
Scottish Government) to produce quantitative estimates for traffic and emissions
reductions resulting from the potential implementation of two general ICT solutions.
The ICT measures assessed in the other COMPASS case studies generally have a
broad range of impacts, the relative impacts of which have been assessed against the
COMPASS assessment matrix. This case study aims to quantify some of the potential
impacts relative to reduction in CO2 emissions and traffic congestion levels. This
quantification is made feasible by the existence of the LATIS model (Land Use and
Transport Integration in Scotland) which is an integrated Land-use and Transport model
for strategic assessment across the full Scotland Region. The nature of the model is such
that the relative impact of possible ICT scenario effects could be assessed across
different sub-regions; specifically Urban regions, inter-urban and rural. 
Full details of the model design and operation may be reviewed from extensive
model development documentation (for e.g. (MVA, 2009a), (MVA, 2009b), (SIAS,
200), and may be visualised in figure 1 below. The “full” model suite provides
integrations between transport and land-use in Scotland, but the module utilised for this
study did not include the land-use element, but comprised the Transport Model for
Scotland (TMfS07) which is fully calibrated with a comprehensive range of traffic,
person and mode share data projected to 2027 based on local plan projections. The basic
core of this model is a classic “4-stage” equilibrium based macroscopic traffic model
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which has been considerably developed over time to include multimodal travel across
peak and off peak timings, which is fully elastic in relation to temporal changes in
demand. Due to the run-times of the model, the scenarios which could be undertaken
for this project were limited (the model-runs were commissioned from the MVA-
consultancy who manage the model on behalf of Transport Scotland). 
Given the case study work previously completed within the project with reference to
the most relevant case studies; indicative scenarios were developed in consultation with
MVA-consultancy). These were not designed to provide an explicit outcome in carbon
reduction for a specific ICT related scheme, but were intended to produce comparative
emission reduction figures based on a common modelling framework which would
allow us to compare the impact of Public Transport related ICT improvements and car-
occupancy based ICT improvements. Hence in the first set of scenarios we test a mid
(5%) and high (10%) prediction of decrease in in-vehicle travel times for PT which
could result from ICT solutions. These measures were implemented in the urban
regions of the model only. Secondly we tested a set of scenarios designed to consider
the impact of an increase in vehicle occupancy due to significant uptake in lift-sharing
resulting from ICT initiatives, discussion with the model operators resulted in
modelling the effect of uplift in occupancy by 5 percentage points (from 1.03 to 1.08).
Whilst it would have been useful to consider a range of occupancy changes, we wished
to focus instead on the relative impact which might result across different area types,
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Figure 1. TMfS07: Model Structure Diagram (MVA Ltd.)
specifically urban and rural. The ability to assess the model outputs against area was a
major consideration in the commission of the model for this study, as the effect of rural
car-sharing was a particular interest (and the subject of one of the qualitative case
studies).  Whilst there are limitations implicit in the utilisation of this model the results
obtained suggest interesting potential policy impacts. 
The scenarios tested are specified below:
The first solution assesses the impact of a reduction in In-Vehicle travel time on
road-based Public Transport which may be the result of smart ticketing measures.
(Other ICT measures such as improved traveller information and bus signal priority
may also contribute to the reduction in overall/in-vehicle Public Transport journey
time). 
The second solution assesses the impact of increased car occupancy levels which
may be achieved by lift-sharing initiatives. 
Model data outputs were extracted from the TMfS07 2007 Base Year, 2027 Do
Minimum Forecast year scenario and each 2027 Option Test scenario. The following
scenarios were appraised and analysed:
• Test 1 PT: 5% reduction in urban bus journey times (Glasgow, Edinburgh,
Aberdeen & Dundee) – all journey purposes and time periods. The in-vehicle time
(IVT) factor for urban buses was reduced from 1.2 to 1.15;
• Test 2 PT: 10% reduction in urban bus journey times (Glasgow, Edinburgh,
Aberdeen & Dundee) - all journey purposes and time periods. The in-vehicle time
(IVT) factor for urban buses was reduced from 1.2 to 1.1;
• Test 3 Car: 5% increase in car occupancy - subsequent reduction in AM & PM
Peak commuter matrices (Car occupancy increased from 1.03 to 1.08);
• Test 4 Car: 5% increase in car occupancy for ‘city’ origins – subsequent reduction
in AM & PM Peak commuter matrices (Car occupancy increased from 1.03 to
1.08);
• Test 5 Car: 5% increase in car occupancy for ‘non-city’ origins – subsequent
reduction in AM & PM Peak commuter matrices (Car occupancy increased from
1.03 to 1.08)
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Figure 2. Scotland Local Authority Regions: Vehicle Emissions 2007: Scotland
City Regions
Generally, the impacts of each of the tests is relatively marginal (when compared to
major schemes such as infrastructure schemes), but some of the measures do start to
take an impact with the higher-end assumptions in place.  The relatively marginal
impacts are likely to stem from some of the test assumptions, whereby the aspects that
are changed/appraised here only make up one specific component of travel time.  This
illustrates some of the challenges of encouraging greater use of public transport or car
sharing, but whilst reductions are not large relative to major strategic assessment, the
carbon reductions are apparent and in some cases could be quite significant.
2.2 First Solution: Reduction in Urban Bus Journey Times as a Result of ICT
The change to in-vehicle time (IVT) for urban buses to represent smart ticketing has
little effect at a 5% level but the trend associated with decreasing IVT becomes more
apparent in the 10% test, where small but consistent percentage decreases may be
observed across Carbon and CO2 emissions (tonnes) and total v-km.  The results
(grouped as urban, mixed and rural) are presented in table 2 below. 
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Table 2: Public Transport IVT reductions (Urban, Interurban, Rural)
As might be expected the effects of reduction in PT journey times in the urban
regions shows some spill over into the adjacent interurban regions and negligible
impact into the rural regions.  The city of Glasgow would benefit most from a 10%
decrease in PT-IVT with a reduction of 108 tonnes of CO2 (equivalent per annum) and
a reduction in 1.06 million veh-kms (per annum).  Emission/Congestion maps (from the
model-base year 2007-figure 2) show that the rural areas are generally uncongested and
that reductions are most beneficial within the central belt.
For a 10% decrease in PT-IVT in city regions, v-km driven reduce across all regions
ranging from 0% to 0.06% reduction and the annualised CO2 (equivalent) emissions
reduce across all regions ranging from 0% to 0.06% reduction.
This gives average reductions by region of:
Urban(City) 0.48 mill-v-km/annum 38 tonnes;
Interurban 0.15 mill-v-km/annum 18 tonnes;
Rural 0.05 mill-v-km/annum 4 tonnes.
Hence small-mid scale improvements in such ICT solutions have very limited or
negligible impact and it is not until a 10% reduction in IVT is reached that useful carbon
reductions may be observed. Even at this level, which is perhaps at the high-end of
realistic, the magnitude of the carbon reduction is relatively small. This suggests that
additional measures to encourage car shift onto public transport will be needed in
additional to the mode shift which will be predicted due to the journey time savings
alone. Additional fiscal measures would be required. 
2.3 Second Solution: Mobile technology to encourage car sharing
The change to car occupancy levels to represent increased lift-sharing presents much
more promising results in terms of quantifiable carbon reduction. If average car
occupancy levels were increased from 1.03 to 1.08 across the entire Scotland region, an
annualised equivalent CO2 saving of 17,897 tonnes could be made. The modelling
suggests that regional effects would produce regional benefits and that the percentage
benefits are slightly more favourable in Interurban/rural regions than in urban regions,
which supports the introduction of lift-sharing schemes in rural areas.  The change in
both congestion and emissions for a 5% increase in vehicle occupancy caused by lift-
sharing is much more significant than for reducing public transport in-vehicle journey
time.  The modelling results derived by area are presented in table 3 and aggregated for
Urban, Interurban and Rural in table 4 below.
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Table 4. Congestion/CO2 reductions
v-km (106) CO2 (tonnes)
All Urban- Non-urban All Urban- Non-urban 
origins origins origins origins
Urban -5.00 -3.82 -1.27 -552 -444 -97
Interurban -5.20 -1.21 -3.94 -660 -179 -470
Rural -5.13 -0.45 -4.65 -606 -57 -550
Significant reductions in overall CO2 emissions could be achieved if national car
occupancy increases could be made. Any scheme to promote this objective would be
expected to perform well on emission reduction measures. Local schemes however
would be expected to benefit the local area and whilst detailed local schemes have not
been specifically tested it is clear that the location of the origin where the increase in
occupancy occurs will produce a strong local effect. 
• The effects of this measure were significant for all tests and approximately an
order of magnitude greater than for the PT journey reduction of 10%
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Table 3: Increase in Vehicle Occupancy of 5% (Urban, Interurban, Rural)
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• The regional effects were strongly apparent suggesting that local-lift sharing
schemes with high take up could produce significant carbon reductions at a local
level
• City based lift sharing schemes would have little impact in rural areas.
The impact of an ICT solution to increase car-occupancy is much more significant
in emission reduction terms than similar percentage improvements applied to public
transport travel time benefits. In terms of the modelling, the benefit of improving public
transport provision and hence increasing ridership will be limited by induced traffic
demand on the road network as a result of any decrease in congestion. Hence measures
related to public transport require additional measures to limit erosion of benefits by
more private vehicles being able to travel. This supports the findings of Bigazzi and
Figliozzi, (2012) regarding the limited benefit of schemes which aim to reduce
congestion but may result in spare road space being available. However, schemes to
increase average car-occupancy will suffer less from such issues, as the required travel
needs of the population are met with less additional travel being induced. 
3. A EUROPEAN ASSESSMENT OF ICT SOLUTIONS
Based on the findings at local scale from case studies and on knowledge gained from
the analysis of ICT transport solutions in the COMPASS Handbook, quantitative
modelling has then been used to assess the potential impact of ICT solutions at
European scale. The assessment of long-distance ICT solutions is based on quantitative
modelling using MOSAIC, the European-wide model developed in the
INTERCONNECT FP7 research project, a modal choice and assignment module
originally programmed to investigate how upgrading the interconnections between
transport networks in Europe impacted on the European transport system.
Modelling hypotheses were made on both supply and demand side, and ICT
scenarios were developed on two made areas; Modelling “more efficient infrastructure,
service and traffic management” and  “ICTs can increase vehicle occupancies”
3.1 Modelling “more efficient infrastructure, service and traffic management”
This ICT scenario includes
Optimised infrastructure and service management:
Road cost decrease due to
A) better vehicle performance and more efficient driving regimes via semi or fully-
autonomous vehicles 
B) less congestion thanks to more intelligent GPS routing avoiding congestion, traffic
jam assistants, air mode and long distance rail cost decreases due to more efficient
management
Optimised intermodality: 
Easier interconnections. Less time for formalities in airports. Road mode speed at
connectors increases due to better management of metropolitan motorways (e.g. Ramp
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metering, HOV/HOT lanes, variable speeds) 
Optimised traffic management: 
Air speed increases obtained: from more direct routing and better management of take-
off and landing operations. Rail speed slightly lower due to more difficult implantation
of ERTMS all over Europe. 
Road speed increase: more autonomous vehicle driving (e.g. SARTRE platooning,
Advanced Cruise Control).
Four ICT levels were defined for this scenario, baseline, mid-ICT, high-ICT and very
high-ICT, these levels are explicitly shown in table 5 below.
The modelling shows that the road modal share increases in each consecutive
scenario.  Decreasing travel costs and fees in all modes simultaneously, but higher
decrease in the cost of interconnections involving the road mode making it cheaper to
access the road mode. Speed increases for road are lower than for air, but greater than
for train. 
A consequence of a package of measures which improve all ICT across the network
simultaneously is that “desired” consequences in terms of reduced carbon emissions
and modal shift to more sustainable modes is not always achieved. Much ICT
technology will contribute to faster travel time on road, which will benefit some Public
Transport, but will disproportionately benefit the private car. Journey time decreases
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Table 5: Baseline and Low/Mid/High ICT
units Baseline
Mid
ICT
High
ICT
Very 
High ICT
Optimised
infrastructure
and service
management
Road direct costs paid by the user (tolls
and vehicle operation)
€/km '()* -2,5% -7,5% -12,5%
Rail interNUTS3 SD user-fees €/km '('+ 0% 0% -5%
Rail interNUTS3 MD user-fees €/km '()* 0% 0% -5%
Rail interNUTS3 LD user-fees €/km '(, -2,5% -7,5% -12,5%
Air user-fees €/km Variable -2,5% -7,5% -12,5%
Ferry fees €/km Variable 0% 0% -5%
Optimised
intermodality
City-road local connection speed Km/h Variable -5% -10% -15%
City-rail local connection speed Km/h Variable -5% -10% -15%
Airport-road local connection speed Km/h Variable 0% 0% -5%
Rail-road local connection speed Km/h Variable -5% -10% -15%
Airport-rail local connection speed Km/h Variable -2,5% -7,5% -12,5%
Time spent at airport terminals (check-in
and security formalities; transits between
consecutive flights)
minutes +' 70 50 30
Optimised
traffic
management
road speed Km/h Variable 2,5% 7,5% 12,5%
rail speed Km/h Variable 0% 5% 10%
air speed Km/h Variable 5% 10% 15%
ferry speed Km/h Variable 0% 0% 5%
will tend over time to encourage longer commuting distances (as commute time is held
constant). While all modes benefit in terms of efficiency from the package of increasing
ICT shown in table 5, the interactions between the level at which modes benefit relative
to each other causes rail mode to slightly drop at lower ICT levels (which make road
the most preferable), but to gain relative to air in the higher ICT scenarios so that for
Very High ICT, the rail mode is unchanged relative to the baseline, but air has lost mode
share as land travel becomes relatively cheaper and faster. 
However whilst certain modal shift consequences are apparent, it may be seen that
the trend of modal share is relatively stable; as all modes are benefiting in various ways
from time savings due to ICT on aggregate a shift to more sustainable travel from an
untargeted package of improved ICT is not achieved. If higher modal shift to rail, sea
and public transport is desired then ICT measures should be targeted to those which
specifically benefit more sustainable modes. 
The aggregate impact on CO2 is that modal shift implies an overall increase on fuel
consumption and resulting CO2 emissions (up to 4.2%), provided that emission factors
are kept stable. Travel Time in the network decreases, due to management measures that
increase the average speed in all modes (exogenous) and in the interconnections
between them. Especially important decrease for the road mode given that road has the
biggest modal share. However it should be noted that other technological advances have
not been modelled (such as large scale shift to electric vehicles), the effect on CO2
shown in figure 4 below is purely a consequence of the modal shift. Hence if ICT
produces a shift to road transport then carbon impact is likely to worsen unless other
measures were imposed to decarbonise car emissions. A further (un-modelled) impact
is that if journey times decrease, people may well extend their commuting distance
leading to possible increases in trip-km over time, this could be balanced to some extent
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Figure 3. Modal split from EU-wide modelling
by telecommuting etc. but such changes were outwith the scope of the modelling
presented here. Finally, whilst CO2 emissions increased in these scenarios, particulate
emissions decreased (up to almost 7%) due to the predicted mode shift away from air. 
3.2 Modelling “ICTs can increase vehicle occupancies”
Derived from car-pooling and ride sharing options, set to increase in the future, and
from smart pricing, HOT/HOV policies inducing better use of vehicle space give rise to
the four additional ICT levels defined below. 
• Increasing vehicle occupancy by 50% results in a 33% vehicle kilometres
reduction, 20% generalised cost decrease and fuel consumption decrease.
• Travel cost of the global transport system decreases up to 20% due to increase in
car occupation, making the average car trip per person much cheaper.
It may be seen here that a targeted policy to promote higher car occupancy predicts
a highly beneficial effect, the decrease in fuel consumption directly contributing to
reduced emissions of all types. Hence it may be the case that global ICT improvements
have little beneficial impact on carbon emissions (and under some circumstances could
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Figure 4. CO2 impact from EU-wide modelling
Table 6: Quantitative definition of scenarios Mid, High and Very High ICT
units Baseline MidICT
High
ICT
Very High 
ICT
Enhanced 
traveller 
comfort and 
convenience Car occupation
users 1,5 1,75 2,0 2,25
be detrimental), whereas focused development of technology towards specific
occupancy improvements could significantly assist in carbon reduction from transport. 
3.3 Summary of Modelling at both EU and Scotland levels
The modelling scenarios, whilst utilising different models and assumptions, show
broadly similar results. In both cases, the CO2 benefits were significant for increased
car occupancy levels and negligible or decreased for global service improvements due
to ICT. The measures included in the EU-wide modelling included road infrastructure
and traffic management improvements which made car-travel relatively more attractive
and hence increased mode share of car which consequently produced higher fuel
consumption and higher CO2 emissions. The public transport improvements modelled
in LATIS showed some shift to public transport, but this resulted in negligible reduction
in CO2. Whilst improved user benefits may not greatly impact on CO2 emissions,
targeting these benefits to public transport rather than road based ICT measures will
help improve public satisfaction and should not be ignored. For targeted CO2 benefits
however, improved efficiency through greater utilisation of space within private cars is
clearly beneficial, and efforts to increase occupancy levels through ICT improvements
should be made. For a policy of reducing carbon emissions from the transportation
system improved ICT measures per se may well not result in aggregate benefits; it is
critical to target resources into those ICT developments which show significant positive
impact. This study concludes that ICT resulting in improved Public Transport efficiency
may have a slight carbon benefit, but that encouraging higher occupancy in private
vehicles significant improvements can be made. 
4. CONCLUSIONS
The conclusions of the case studies are case dependent and cannot be treated as one EU-
wide response to the ICTs. Certain trends are however visible regardless of regional
differences. Firstly, there is relatively high acceptability among users. Users generally
welcome introduction of ICTs. This is however very dependent on user age with older
users more often rejecting ICTs than younger. Secondly it is visible that user acceptance
is combination of many sub factors of which the most important are the potential of the
ICT solution in reducing D2D travel time and costs, and increasing comfort and
convenience of travelling. Most ICTs - as case studies confirm - contribute to travel
time reduction and comfort increase. While travel cost can increase or decrease in
response to ICTs an increase in punctuality and reliability and a reduction in delays are
often first visible effects of ICTs. The major barrier for ICTs application revealed by
case studies is of financial nature. Users are generally unwilling to pay extra for ICTs.
Only limited profits for operators could result from increased demand or optimised use
of resources gained through ICTs. From the society point of view targeted ICTs could
contribute to achievement of CO2 emissions reduction or global improvements may
increase territorial cohesion or they may facilitate economic progress. According to the
case studies presented reduction in CO2 emissions can come from two main sources:
one is reduction in congestion and concurrent reduction in fuel consumption (which
may be achieved by measures to encourage higher occupancies), and the other one is a
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shift towards more sustainable modes (although modelling indicates that carbon
benefits from this may be slight). Public policy relating to the financing of ICT
improvements should consider potential impact of different measures and target
resources accordingly. 
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